Tomato (Lycopersicum esculentum) although, second largest crop produced across the world, is a highly perishable commodity. Consequently, pre and postharvest treatments are critical in order to enhance the shelf-life and nutrition. Therefore, two popular Indian tomato cultivars namely Hisar Arun and Kashi Vishesh in their Mature Green, Breaker and Mature Red stages were treated with 1%, 2% and 5% Calcium chloride in order to increase their shelf life and stored at 5°C, 10°C and 15°C temperatures. The changes in non-enzymatic antioxidants namely ascorbic acid, Lycopene, Carotenoid, and Total Phenol were recorded up to 21 days of storage. Our investigation revealed a linear increase in the ascorbic acid at 5°C when treated with 5% CaCl2 (~40%) while Lycopene (45%) and carotenoids (25%) have shown comparative moderate increment at 10°C storage when treated with 1% CaCl2. Our analysis suggests that low (1%) concentration of CaCl2 is the most effective in controlling the increase of investigated non-enzymatic antioxidants in both cultivars. Moreover, hybrid cultivar tomatoes exhibited delayed deterioration compared with local type and can be recommended for long-time storage.
Introduction
Tomato (Lycopersicum esculentum) belongs to Solanaceous family, the tomato is utmost extensively used as a food crop. As tomato is a climacteric and perishable vegetable, it is prone to degradation in a small amount of time accounting to be 14 to 21 days 1 . In fact, tomatoes are known to possess a high quantity of sugar and acid contents which are the main factors contributing to its flavor 2 . Keeping the fresh appearance of tomatoes along with its nutrition even after harvesting is an undying task imposed by the consumers. External appearance, quality and nutritional content of tomato fruits can be maintained by controlled storage temperature 3 . Moreover, the temperature controlled environment has been known to have a direct control of the metabolic activities in the tomatoes and thus proven to enhance the shelf life of the tomatoes with preserved nutritional qualities. Further, it is undeniably one of the most significant measures invoked in maintaining and even augmenting the shelf-life of tomatoes 4 .
Numerous biochemical and physiological processes of fruits and vegetables are controlled by the association of calcium ion which is believed to play a key role in retaining quality. The rate of ethylene production and respiration in tomato fruits reportedly decreased by increasing the level of calcium ions 5 . Thus, treatment of fruits with CaCl 2 resulted in improving the firmness of the fruits and decreased deteriorations physiologically thereafter leading to reduced respiration, decrement in ethylene production, and delay in fruit ripening 6 . Various investigations revealed that calcium chloride treatment on tomato reduced post-harvest decay quantitatively in terms of development in the lycopene and ascorbic acid content, controlled development of physiological disorders, strengthening of the skin constituting cell walls, and providing the tissues with improved resistance, reduced production of enzymes which thus limit infections, control ripening, and rotting thus inevitably improving the quality and shelf-life of tomato 7 . In parallel, storage temperature is an important factor in maintaining quality and increasing the shelf life of tomatoes by reducing moisture loss and decelerating biochemical changes during ripening. In the context of two varieties of the tomatoes abundantly consumed in India, we conducted the CaCl 2 treatment on them to find the optimum storage temperature and biochemical changes for ensuring better quality for consumption with optimized shelf life.
Materials and Methods
The experiments were conducted in the research laboratory of the SHUATS, Allahabad. Two cultivars of tomato fruit(L. esculentum) namely properly. Ascorbic, (a Local variety) and Kashi Vishesh, (a hybrid variety) were harvested from the experimental field of Depar tment of Forestry in SHUATS (25°24'50.4"N, 81°50'58.5"E). Following the color based maturity stages, as prescribed in the USDA color chart8, we picked the tomatoes corresponding to three particular maturity stages visually namely Green (Mature Green), Breaker and Red (Mature red) and further graded according to shape size, color, and appearance. After grading, tomatoes were washed with water and air dried. Next, the tomatoes were treated with 1%, 2% and5% CaCl 2 solution for 15 minutes and stored at 5°C, 10°C, and 15°C temperatures for 21 days, the analysis was done after every 7 days. The storage duration is chosen to be 21 days in order to perform a comprehensive comparison for all the maturity stages of the tomatoes as, after this time duration, the sample of the mature red stage of tomatoes would succumb to degradation and fungal activities. Over-ripened tomatoes of different treatments with the passage of time during storage were excluded from the trial.
Changes in quality of tomato during storage Ascorbic Acid
The ascorbic acid content was estimated by using spectrophotometric method 9 . The 1.0 g fresh sample was extracted with 10ml of 0.4% freshly prepared oxalic acid and were then centrifuged with 8000 rpm for 20 min. The 3ml solution was maintained by the addition of 1 ml aliquots of supernatant and 2 ml of 0.4% oxalic acid afterward 7 ml of 2, 6-dichlorophenol indophenol dye solution was added. The absorbance of the test mixture was recorded instantaneously at 518nm after mixing the test solution properly.Ascorbic acid was estimated using a calibration curve prepared against a highly pure ascorbic acid.
Carotenoids 1g of the sample was ground in mortar and pestle with 80% methanol and then centrifuged. The supernatants obtained was concentrated to dryness and dried. The dried residue of the supernatant was then dissolved in 15 ml of diethyl ether. After this, 15 ml 10% methanolic KOH was added for removal of alkali the obtained mixture was then washed with 5% ice-cold saline water. The collective saline washings were extracted with ether (3:15 v/v). Both the ether extract obtained were mixed together and washed till alkali-free with cold water. The alkali-free ether extract was dried over anhydrous Na 2 SO 4 for two hours in the dark. Using Ether as a blank 
Lycopene
1.0g of tomato sample, as weighed into a conical flask, was transferred into a volumetric flask and filled with distilled water to reach 100 ml mark. After, proper mixing it was transferred into a separating funnel in which 25ml of petroleum ether was also added. It was shaking vigorously for about 15 minutes. The aqueous layer was run off and the absorbance of petroleum ether layer was recorded at 505nm.
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Total Phenol 1 gm of fresh sample was centrifuged with 10 ml of 50% MeOH: H 2 O (1:1). 3 ml of test mixture was prepared by the addition of 1 ml of FCR (1 N), 2 ml of freshly prepared 20% Na 2 CO 3 in 1 ml aliquots of the supernatant. The mixture prepared was then mixed properly using cyclomixer and then maintained to 25 ml with water which is then kept at room temperature for 30 minutes. After completing 30 min absorbance was taken at 725 nm. Graphs were prepared using the standardized gallic acid solution of different concentrations and total phenol content have been expressed in mg/100 gmaterial 12 .
Statistical Analysis
Each treatment has been repeated thrice to reduce human error, which is evident by the similar result obtained with this exercise. All the datasets were next subjected to multifactor ANOVA with SPSS 11.0 for windows. A significant effect was assessed at 5% (p ≤ 0.05) level of significance and the mean was separated using the least significant difference (LSD) procedure.
Results and Discussions
Effect of Calcium Chloride treatment on Ascorbic Acid content of tomatoes Figure 1 On the other hand, storage after 14 days leads to a saturation in the acid content followed by a decreasing trend. From the data, it can be concluded that ascorbic acid content increased on increasing concentration of calcium chloride in all the observed condition. Breaker tomato fruit had the maximum ascorbic acid content followed by mature red and Mature Green. Maximum content (25.014 mg/100g) were found at 5% CaCl 2 concentration after 14 days of analysis stored at 15 °C in Hisar Arun variety while minimum (9.327 mg/100g) were found at 1% CaCl 2 concentration after 7 days of analysis stored at 5°C in Kashi Vishesh variety. From the figure, treatment with 5% concentration of CaCl 2 led to a significantly higher rate (up to 40 %) of increment of the acid in all stages, temperature and both cultivars. The rate of increment was observed higher in the Mature Green stage trailed by mature red and Breaker stage in both cultivars. The rate of increase in the ascorbic acid content was found to be maximum at Mature Green stage T9 (35-45%) in both cultivars however that recorded minimum corresponding to mature red stage of Hisar Arun variety (8%).
As we can see from plot T1, the ascorbic acid content in Mature Green stage increased up to 18 % in Kashi Vishesh variety (10.236 Mg/100g) after 14 days of storage under treatment, while in the case of Hisar Arun variety, it increases up to only 15 % (13.879 mg/100g) in same time interval and then both started decreasing. Mean value of ascorbic acid content to be ranging between 15 to 23mg/100g in tomato All values are mean ± standard deviation (n = 3) and are significant at P=<0.05 . Further, the range may vary within 8 and 59 mg/100 based on the cultivar variety, which agrees to the results obtained in our investigation. This reduction of nutrients and deterioration are reported to be instigated by transpiration and respiration, the key physiological processes 14 . The non-linear rate of change in the AA content over the storage period of 21 days may be attributed to the oxidation process, which is understood to be caused by the catalyst and oxidizing enzymes 15 . Moreover, according to some researchers 7 , the reason for high ascorbic acid content in calcium-treated fruits might be that metabolic activities were fast as compared to that in untreated fruits. In this context, the increase in the content of ascorbic acid as the storage temperature is subject to an increment that is indicative of the fact that fruit is still undergoing the process of ripening 16 , while a decrease in the aforementioned content indicates a senescent fruit. The ascorbic acid content in tomato deteriorated from 21.63 mg/100g at the start of the trial, attaining the minimum 13.53 mg/100g in 1.5 % CaCl 2 after 9 days of storage 17 . In agreement with our findings, ascorbic acid content to be increasing with the ripening of the tomatoes until a stage where the same has shown a decreasing trend 18 . This suggests that harvesting the tomatoes at a suitable maturity stage may retain the nutrition level over the long storage period.
Effect of CaCl 2 treatment on Carotenoid content in tomatoes during storage
The lycopene is considered accountable for the bright red color of most fruits e.g. Pineapple, orange, lemon, grapefruit, strawberry and tomato etc.19. As tomatoes reach to the maturity stage, the carotenoid content decreases. Investigation of carotenoid content for the Hisar Arun and Kashi Vishesh cultivars revealed a generally increasing trend up to 14 days after which it starts decreasing (actual values reported in Table 2 ).
Rates of increment were found to be higher in the mature red stage of Hisar Arun variety in all set of observations. From the figure 2, it can be concluded that on increasing concentration of calcium chloride, the rate of increment slows down as noted in T3 where the percentage increase is up to 27% while in T9 the same reached only up to 21%. Further, the temperature is found to play an important role in affecting carotenoid's content during storage. At temperature 5°C the content increases slowly (8-16%) followed by that resulted for 10°C temperature (15-22%) while that corresponding to 15°C revealed maximum increment (20-27%). After 14 days of storage, carotenoids content start decreasing in all the samples under study. The increase in carotenoids can be attributed to the unmasking of the carotenoids following chlorophyll degradation during ripening of tomatoes 17 . A similar trend in the carotenoids has been reported in mangoes and passions fruits 20 .
The investigation of Lycopene content is crucial as the same is found to increases in tomato fruits during ripening. The evolution of the Lycopene content, recorded over a period of 21 days for which the tomatoes were stored, is shown in figure  3 (actual experimentally recorded values are given in Table 3 ).The overall evolution enables us to note that during primary stages of ripening, lycopene content progressively increased while after a certain level, the same started decreasing. Similar trends were also found in the investigation of ascorbic acid content. Lycopene content increased relatively slowly in the Kashi Vishesh variety compared with that of the Hisar Arun variety at each level of concentration, temperature, and days of storage. Further, the rate of increment in the lycopene content after 21 days of storage was found to be maximum (~ 65%) in T9 while minimum (~33%) in T1 corresponding to the Mature Green stage of Hisar Arun variety. Moreover, lycopene content is found to be maximum in all the stages treated with 5% CaCl 2 followed by that for 2% CaCl 2 and then for 1% concentration of CaCl 2 .Minimum lycopene content with the value of 0.03mg/100g in fruit when treated with 1% CaCl 2 followed by 3% CaCl 2 with a value of 0.06 mg/ 100g, 21 in agreement to the rate of increment of the lycopene content recorded in our analysis. Further, thermal processing of tomatoes, the increase in the extractable lycopene content in processed products when compared with the fresh tomatoes 21 . The change in lycopene content in the fruits and vegetables may be attributed to its reaction with free radicals. This results in disruption of polyene chain 22, 23 .
Effect of CaCl 2 treatment on the Total Phenol content in tomatoes during storage
It is crucial to quantify the post-harvest change in the total phenol content of tomatoes as such extensively All values are mean ± standard deviation (n = 3) and are significant at P=<0.05 distributed naturally occurring substance in fruits and vegetables have the capability of scavenging superoxide and hydroxyl radical. In this regard, as shown in Figure 4 , the percentage difference of total phenol content, as determined in the two varieties of the tomatoes, treated with 1%, 2% and 5% CaCl 2 and subsequently stored at various temperature for 21 days while the actual recorded values of TP content are provided in Table 4 . In general, we found an increasing trend until 14 days of storage in the total phenol content in tomato in the course of ripening. In particular, the same have shown a significant increase in the fruits, which were treated with 1% calcium chloride and stored at 5° C during the entire analysis. According to many authors, during initial progression phase, a reduction was found in total phenolics content in fruits where the fruit is dignified to be physiologically mature and thus prone to initiation of ripening. The presence of higher concentration of phenolics during the early stage of development provides a protection mechanism to the phytohormones like auxins, gibberellin, and cytokines 24 , which plays an important role in cell division and cell enlargement. In the present investigation, the rate of falling of total phenolic was maximum (25%-10%) in T9 where the elevation rate was also large in all maturity stages in both cultivars. From the figure, we can evaluate that on increasing concentration of calcium chloride from 1% to 5%, the rate of increase of total phenolic content enhanced during storage in all maturity stages.
In particular, tomato fruits stored at 5°C depict slower increase rates in total phenol content in all treated samples. Soluble phenolic contents are understood to be accumulated in the main compartment of a cell namely vacuole. The effect of storage temperature reflects in the form of building up of toxic intermediate in cells owing to change in the cell membrane permeability and activity of an enzyme associated with the membrane 25 . This explains the increment of total phenol content recorded in our investigation. Moreover, calcium prevents senescence-induced stress by main¬taining the strength of its membrane 6 , and thus delays the release of phenolic compounds.
Conclusion
Tomato is used as an integral part of the human diet. Being a climacteric fruit, the tomato is prone to irreversible changes leading to a reduction in its shelf life. Therefore, this paper investigated the evolution of non-enzymatic antioxidants of the two most commonly consumed Indian tomato cultivars namely Hisar Arun (a Local variety), and Kashi Vishesh (a hybrid variety) which were harvested at different maturity stages namely Mature green, Breaker, and Mature red and treated with varied concentration (1%, 2% and 5 %) of calcium chloride (CalCl 2 ) at various storage temperatures 5°C,10°C and 15°C. Changes in Ascorbic acid, Lycopene, Carotenoid, and Total Phenol contents were recorded during storage and it was found that above mentioned non-enzymatic antioxidants except carotenoids increased till 14 days after which there was a decline in the quality of the parameters. On the other hand, carotenoid content in tomatoes increased up to 21 days for all maturity stages. It is to note that the rate of increase in the carotenoid content is found to be high for the mature red stage in comparison to the mature green stage.
In conclusion, tomato fruits harvested at breaker stage retained the significantly higher amount of Ascorbic Acid after 14 days of storage compared to fruit harvested at the mature green and red stage. Additionally, our investigations are suggestive of 1% CaCl 2 treatment to be the most effective in terms of offering a definitive control in the rate of evolution of non-enzymatic antioxidants of the tomatoes such as lycopene and carotenoids. Further, although Hisar Arun (Local) variety is found to retain more nutritional content than Kashi Vishesh (hybrid) variety, latter shows higher shelf life.
